We investigate the comovement between sovereign and bank credit risk of the Euro area over the period 2008-2010. We construct two synthetic credit risk measures of the European sovereign and banking sectors that can be used for macro-prudential supervision. We estimate a Vector error-correction model and we obtain empirical evidence of a cointegration relationship between sovereign and bank credit risk. Moreover, we find that deviations from this equilibrium relationship are adjusted through the banking sector. Finally, impulse response functions show that it is possible to distinguish between a permanent sovereign shock and a transitory banking shock.
prudential banking supervision. In fact, our indicator of risk of the banking sector can be used by financial authorities to monitor the level of risk of the European banking system. Moreover, we are among the first to extend the macro-prudential approach, traditionally limited to the supervision of financial institutions, to the supervision of European sovereign entities. In fact, the latest events concerning the Greek sovereign crisis 4 show that financial stability can be seriously affected by the risk of default of a European country and as a consequence we argue that a thermometer of the likelihood of such event can be a useful tool for vigilance.
Next, we analyse the inter-linkages between the European sovereign and bank credit risk measures through a Vector error-correction model (VECM). In particular, following a preliminary specification analysis, we test and find evidence of the hypothesis that a combination of the two risk measures is stationary. This allows us to conclude that the European sovereign and bank credit risk are cointegrated and share a common stochastic trend. In other terms, this means that an equilibrium relationship has characterised them over the period 2008-2010. Finally, we perform standard impulse response functions analysis. We find that it is possible to distinguish between a permanent sovereign shock and a transitory banking shock. These findings may be used to draw policy-implications aimed to stop contagion.
The paper will be organised as follows. In section 2 we describe our dataset, while in section 3 we give details about our empirical analysis. Section 4 provides final remarks and concludes.
II. DATA
The source of our dataset is Reuters Datastream. We collect daily 5-years senior CDS bid and ask premia for 11 European sovereign entities and 20 European banks from 14/5/2008 to 30/09/2010. More specifically, we focus on 11 European countries which are part of the European Union at 12 members (Luxembourg is excluded) and on 20 banks which are domiciliated in these countries. The group of banks is formed by taking 2 banks for each country (with the exception of Finland). The banks are chosen according to data availability (see Table 1 for the entire list) and all the financial institutions of our sample are among those stress-tested by the European Banking Authority (EBA) in July 2010. Descriptive statistics of the sovereign and bank CDS premia are shown, respectively, in Table 2 and Table 3 , while their patterns are shown in Figure 2 and 3. The behaviour of the CDS premia reflect the market perception of higher default-risk for both European sovereign entities and banks. By looking at the graphs it is evident that the cost of insurance against default has risen dramatically over the last two years, with Ireland and Greece particularly hit both at a financial institutions and at a country level.
Although there is a widespread agreement that the current financial turmoil gets back at least to summer 2007 5 , our sample still covers -at the moment of writing -the most important events like the collapse of Lehman Brothers (15 of September 2008), the massive intervention of the Federal Reserve authorities with the TARP 6 , the rescue package to the European banking sector implemented by European governments (begin of October 2008) and the Greek sovereign debt crisis culminated with the joint intervention of the IMF and the European Union (May 2010). While on the one hand it would be very interesting to study the comovement between the European sovereign and bank credit risk before the beginning of the financial crisis, on the other hand by focusing on a shorter sample period we are able to work with data of better quality. In fact, the time series of European sovereign and bank CDS are very often characterised by interruptions due to, for instance, lack of trading and/or to liquidity issues. This has been one of the main reasons that has prevented the use of CDS in empirical research concerning the Euro area. Another reason is that, at least until the current financial turmoil, the risk of default of a country or a bank in the 12-members Euro area was considered an extremely unlikely event.
As a consequence, since it focuses on a relatively short time horizon for which good times series are available, this is one of the first studies about European sovereign and bank credit risk that can benefit of the informative content of CDS data.
5 E.g. when we have assisted to the worsening of the sub-prime crisis. 6 Troubled Asset Relief Program.
III. EMPIRICAL ANALYSIS Factor Analysis
The starting point of our study is a principal components analysis of the correlation matrix of the daily changes of 5-years CDS premia 7 of Euro area sovereign entities and banks. Results of the principal components analysis are shown in Table 4 .
Our results are consistent with previous studies (Longstaff et al. 2011 , Hawkesby et al. 2005 , 2007 which obtain evidence of a strong degree of commonality both in the sovereign and bank credit spreads. This is very interesting because these papers concentrate on different groups of sovereign entities and banks. In particular, the study by Longstaff et al. (2010) focuses on a large group of developed and less-developed countries (without considering any of the European countries that are in our sample), while the papers by Hawkesby et al. (2005) , (2007), focus mainly on large and complex financial institutions. In our case the first PC explains about 67% and 57% of the variation in EU sovereign and bank CDS premia, respectively. This should not be surprising since the evidence of a high degree of commonality is not a new feature of financial markets, especially during crises. In fact, as noted among others by Ang and Bekaert (2002) , correlations tend to increase during these periods.
The second step of our analysis is the modelling of CDS premia changes through factor analysis. As noted by Johnson and Wichern (2008) , factor analysis is a statistical technique that aims to describe, whenever it is possible, the rich covariance structure which may exist among many variables in terms of a few underlying random quantities called factors. In this sense factor analysis is particularly indicated for our study since it allows us to get a proxy of the copula default correlation matrices among the sovereign entities and among the banks. More specifically, we express the CDS premia changes in terms of a basic factor model of the form:
where X is a vector of observed CDS premia changes, µ is a vector of intercepts, A is a factor loadings matrix, F is a common latent factor (which is usually interpreted as a level factor describing business cycle conditions), U is the error term and Ψ is the 7 We take the mean between the bid and ask CDS premia.
variance-covariance matrix (assumed to be diagonal) of the error term.
We first estimate the model in equation (1) through Maximum Likelihood (ML) for the countries in our sample, and then we repeat the same exercise for the banks. In both cases, the estimation is performed using rolling windows of 65 days. For each rolling window we store the estimated factor loadings and the estimates of the common factor (i.e. the factor score), thereby obtaining a set of inputs that -as it will be clear in the next section -are needed for the construction of our synthetic risk measures.
It is worth stressing here that if, on the one hand, one could argue that the CDS premia changes could be expressed by M common factors (with M >1), on the other hand the findings from the principal component analysis show that by limiting to a single common factor we can get still an acceptable proxy of the correlation matrix among the variables in X. This is very important because the working-assumption of one common factor (that is nevertheless very common also among practitioners) eases the speed of computation and the implementation of our procedure.
The construction of the two credit risk measures
To construct our credit risk measures we focus on the informative content of a particular financial instrument, the n th -to-default CDS basket. The CDS basket can be thought as a simple kind of insurance in which the seller of protection (investor) provides the protection buyer with a pay-off just when the specific event (i.e. the n th default) has taken place. By adopting a portfolio risk management perspective, we form two baskets of CDS, one for the sovereign entities and one for the banks, and use their informative content to compute default probabilities by implementing the methodology proposed by Gibson (2004) and Avesani et al. (2006) . In the following, we briefly describe this methodology and provide its main intuitions deferring to those papers for more details.
As initial step to construct the two risk measures, we compute the conditional probability of default for each sovereign entity/bank in our sample according to
where M is a common factor, Z i is an idiosyncratic factor, a i are factor loadings and
Eq.2 and Eq.3 imply that each sovereign entity/bank is assumed to default whenever x i <x i , i.e when the value of the assets (x i ) falls below a certain threshold (x i ).
This approach is fairly standard in the portfolio credit risk literature (see Merton 1974 and Vasicek 1987) and it is usually applied to financial institutions or listed firms rather than to sovereign entities. However, there exists a new strand in the literature about sovereign credit risk (see, among the others, Gray et al. 2007 ) which advocates for the application of portfolio credit risk techniques to sovereign entities, thereby providing support to our strategy. At this point it should be clear how factor analysis provides us the ingredients needed in Eq.2 and Eq.3. In fact, we can use the factor score as an estimate of the common factor M and the ML estimates of factor loadings as a proxy for the true ones.
Next, we compute the unconditional probabilities of observing n defaults by time t among the N reference entities in the CDS basket as
where g(M ) is the probability density of M (the common factor), N is the number of reference entities in the CDS basket and n is the number of defaults. The individual conditional probabilities of default that are calculated in Eq.2 are used in Eq.4 to compute, through a recursive formula (see Gibson 2004 and Avesani et al. 2006) , the conditional probabilities of default in the CDS basket, i.e. p N (n, t | M ).
The outcome of Eq.4 is the object of our ultimate interest and, intuitively, we can think about the two CDS baskets just as two machines that allow us to compute default probabilities at an aggregate level. In fact, by using Eq.4, we can calculate the two-years ahead probabilities of observing one default in the two groups of European countries and banks and use them as synthetic indicators of credit risk. The time-series of the default probabilities are shown in Fig.4 . As it possible to see, for the most of our sample, the credit risk associated to the European banking sector is higher than the credit risk of the European sovereign sector. However, the two indicators intersect during the uprising of the Greek sovereign crisis (May 2010).
It is worth noting that to construct the credit risk measures we could have computed (and used) different probabilities either in terms of the number of defaults in the CDS basket or in terms of time-horizon 8 . The rationale behind our choice of focusing on the Union or in the very connected banking sector. Second, we think that two years represent a good horizon for monitoring and vigilance purposes. Hence, we claim that the risk indicators could be inserted among the set of instruments for macro-prudential supervision of the European sovereign and banking sector with the caveat that they should be used more as thermometers of distress rather than as pure forecasting-tools.
As a by-product of our approach, we are able to produce another possible tool for supervisory purposes, namely a term structure of default probabilities for both It is important to point out that the source of contagion in our framework is given by the exposure of the reference entities in the CDS baskets towards the common factor.
In other words, since we rely on the Vasicek approach, any kind of inter-dependence among defaults that goes beyond the common factor cannot be captured. However, we believe that this feature does not limit too much our study given the high degree of commonality that we find in the data.
It is also worth to stress that these term structures of default probabilities are sensitive to the day in which they are computed. For instance, if we had computed them in the middle of the Greek sovereign crisis (i.e. end of April -begin of May 2010)
we could have end-up with a different evidence suggesting a higher risk of contagion in the European sovereign sector. However, this aspect increases the importance of hand it does not affect the quality of our results. In fact, there is no reason to believe that, ceteris paribus, the degree of observed comovement between the sovereign and bank credit risk will change.
calculating term structures of default probabilities since they represent a useful tool, available on a daily basis, to measure financial market sentiments about the likelihood of multiple defaults.
Vector error correction model
The visual inspection of Fig.4 evidences that in the last 2 years there has been a strong comovement between sovereign and bank credit risk in the Euro area and that the two time series could share a common-stochastic trend. In order to test this hypothesis we model our two synthetic risk indicators jointly in a bivariate VECM:
where the vector ∆y t contains the first difference of the sovereign credit risk measure and the first difference of the bank credit risk measure, L is the lag operator, αβ y t−1
is the error-correction term, δ 1 D t is a crash-dummies term whose meaning will be explained later in this section and u t represent the structural shocks.
Specification Analysis
Before estimating the VECM model, we determine the lag-order of the system according to standard model selection procedures (AIC, FPE, SC, HQ and FML). While the AIC and the FPE suggest the inclusion of at least 9 lags (see Table 5 ), the SC, the FML and the HQ criteria provide evidence for a more parsimonious system (3 lags from the SC and the FML criteria, 7 lags from the HQ criterion). Among these possibilities, we choose to follow the HQ (Hannan-Quinn) information criterion. In fact, if on the one hand it is always good to save some degrees of freedom, on the other hand we must pay attention to the risk of choosing a too small lag order since this can produce a biased estimate of the cointegration vector (see Jacobson, 1995) . Hence, in our case, the HQ criterion seems to be a good compromise among the different alternatives.
Next, we estimate the model in Eq.5 and perform residuals analysis. This is very important since the analysis of the residuals can be used to point out possible missspecifications of model. Moreover, residuals that are too far from the NIID (Normally, Independently and Identically Distributed) hypothesis may invalidate any inference obtained through OLS estimation of the VECM system. Given that our sample covers an extremely turbulent period characterised by big market over-reactions, we insert in our model a group of crash-dummies that aim to mild the effects of the most dramatic days. This is reflected by the term δ 1 D t in Eq.5. Overall, we end up with 23 crashdummies associated with those days in which important events 9 have taken place.
The asymptotic and bootstrapped 10 tests for serial correlation are shown in Table 6 .
The histogram of the residuals are plotted in Figure 7 together with some descriptive statistics and the results of the Jarque-Bera test. Both the distributions of the residuals are characterised by high kurtosis and positive skewness. The Jarque-Bera tests reject the null hypothesis of normality, while according to Table 6 there is evidence of serial correlation at one lag level. Although these evidences are disappointing, it is worth to remind that we work with high-frequency financial variables. Thus, the behaviour of the residuals may be a consequence of this factor rather than of model miss-specification. The shapes of the histogram, in fact, do not contradict entirely the hypothesis of normality and it is very likely that by introducing more dummies we would end up with well-shaped residuals. However, we prefer not to over-fit our model with too many dummies and we argue that by working with 23 dummies out of 556 observations we can still safely estimate the model of Eq.5 by OLS.
Cointegration rank, cointegration relation, shocks identification and impulse response functions
The aim of this sub-section is to test for the cointegration relationship between the sovereign and the bank credit risk measures and, in case of supportive evidence, to get some economic intuitions about it. In order to find empirical evidence about our hypothesis, we rely on the LR trace test. The asymptotic and bootstrapped quantiles of the test are shown in Table 7 . Overall, both the tests allow us to reject the null hypothesis of r = 0 and, conversely, to accept the null of r = 1, where r is the cointegrating rank. Asymptotically, we reject the null hypothesis of no cointegration and, viceversa, accept the null hypothesis of one cointegrating vector at the 5% confidence level. Using the bootstrapped distribution, we can reject the null of no cointegration at the 5% confidence level, while we can still safely accept the null hypothesis of existence of a cointegrating vector.
The existence of a cointegration relationship between the sovereign and the bank credit risk over the last two years allows us to go one step further in the investigation of the observed comovement. We do that in two ways. First, we test for a restriction on the cointegrating vector and examine the cointegration relationship more in depth, second we perform standard impulse response analysis in order to evaluate the effect of shocks on our synthetic risk measures. The restriction on the cointegrating vector that we test is β = (1 -1). We show asymptotic and bootstrapped quantiles of the test in Table 8 . Both the asymptotic and the bootstrapped inference imply that the restriction is binding. This reinforces the statement that the sovereign and the bank credit risk have been characterised by an equilibrium relationship during the current financial turmoil. The cointegration relationship is plotted in Figure 8 . The economic interpretation of this equilibrium is tricky since there is no well-established theory that can guide us 11 . However, it is very interesting to examine how each variable in the system relates to the equilibrium and, in particular, how (and if) the risk measures work in order to restore it. As a preliminary step, we examine the estimated speed of adjustment coefficients in Eq.5, i.e. the element of the α vector. While this coefficient is close to zero and not significant for the sovereign credit risk measure, we find a positive and significant speed of adjustment coefficient for the bank credit risk measure 12 . Intuitively, this means that the restoring of the equilibrium relationship comes from the banking sector side. In order to stress this feature, in Figure 9 we show scatter plots of the changes of the sovereign and bank credit risk measures versus the cointegration relationship and we add in each plot a regression line. The graph shows that the slope of the regression line is almost zero for the sovereign sector case while the regression line is upward sloping for the bank credit risk. This means that, on average, when the error term of the cointegration relationship is positive, we observe an increase in the risk measure of the banking sector, while this does not hold for the sovereign sector. We interpret this as an evidence of the leadership of the sovereign credit risk in the sense that it drives the bank credit risk, at least at the aggregate 11 The economic interpretation of the cointegration relationship can be an interesting topic of research for another paper. In particular, it would be nice to understand what the common stochastic trend shared by the two risk measures really represents. One interpretation is that it represents a liquidity shock affecting the Euro-area during the financial turmoil and/or a sudden increase in investors' risk aversion. 12 The estimated coefficients are: 0.0003(0.06) and 0.023(3.36), respectively. T-statistics are in parenthesis.
level.
The last step of our empirical analysis concerns how shocks can influence the risk measures trough the examination of the impulse response functions that we get by imposing the restriction on the cointegrating vector. In order to identify the shocks, we distinguish between a permanent sovereign sector shock and a transitory banking sector shock. Thus, following the approach designed by Cochrane (1994) in his study about permanent and transitory components of GNP, we orthogonalize the VECM error terms such that the sovereign sector credit risk indicator does not respond contemporaneously to a banking sector credit risk shock.
Impulse response functions at 60-days ahead horizon are shown in Figure 10 jointly with 95% confidence bands. The results support our conjecture about the predominant role of the sovereign sector credit risk and our identification strategy. As intuition would suggest, all the shocks produce an increase in the risk measures. Moreover, the magnitude of the responses confirm the predominance of the sovereign sector as the shocks to the sovereign credit risk measure have a dramatic impact both on the sovereign sector itself but also on the banking sector, especially at the long-horizon.
Viceversa, the shocks on the bank credit risk measure affect the sovereign sector but their impact is weaker.
IV. CONCLUSIONS
We construct two synthetic measures of sovereign and bank credit risk for the Euro area over the period [2008] [2009] [2010] . These measures could be used by vigilance and regulatory authorities as thermometers of Euro-area distress according to a macroprudential perspective. We calculate the term structures of default-probabilities and show how these can be used to get a daily measure of contagion-effect inside the European sovereign and banking sectors. In fact, they represent a useful tool, available on a daily basis, to measure financial market sentiments about the likelihood of multiple defaults. We analyze the degree of comovement between sovereign and banking credit risk and we find evidence of a cointegration relationship. Moreover, shocks to the sovereign credit risk measure have, overall, a large impact not only to the sovereign credit risk measure itself but also on the bank credit risk indicator as the analysis of the impulse response functions suggests.
Our results look compatible to what we observed (and to what we are still observing) during the financial turmoil and they can be useful to get a better understanding of the European sovereign and bank credit crisis.
First, the evidence of a cointegration relationship provides empirical confirmation of the strong nexus that exists between the European sovereign and banking sector in terms of credit risk.
Second, the evidence of a sort of leadership of the sovereign sector may have important policy implications. In fact, our empirical exercise suggests the existence of an equilibrium relationship between the European sovereign and banking sector. While it is difficult to attach a clear economic meaning to this equilibrium relationship, its dynamic is intuitively appealing since it shows that it is the banking sector that has to move to re-establish deviation from the equilibrium. In terms of policy implications, this underlines the importance of fixing the European banking sector to contain the credit risk attached to the sovereign sector and, as a consequence, stresses the need of implementing measures that facilitate the re-capitalisation of European banks and that may increase the level of liquidity into the banking system.
The analysis of the impulse response functions can be used as well to get some policy guidelines. First, they point out that shocks that affect the sovereign sector can have a larger long-horizon impact on the banking sector than shocks to the banking sector itself. This evidence reinforces the view that European financial authorities should monitor very carefully the evolution of the current crisis to prevent the dramatic consequences that a negative loop that goes from the banks to the sovereign entities and then goes back to the banking sector may have. Second, the magnitude of the effects that the shocks to the sovereign credit risk measure have on the sovereign risk measure itself calls for an intervention also at sovereign entities-level in order to limit the possibility of contagion among them. In other terms, our results provide also a clear support to policies that aim to contain and reduce Euro-area governments budget deficits. In fact, these policies could strengthen the position of the most indebted countries and help them to absorb negative spill-over effects arising from the banking sector or from other sovereign entities. P r 0 = Probability of observing 0 default in the CDS basket P r 1 = " 1 default " P r 2 = " 2 defaults " P r 3 = " 3 defaults " 
